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SYSTEMS AND METHODS FOR In yet another embodiment , a system for positioning a 
DETERMINING AND TRACKING SUBJECT subject on a surface includes a plurality of thermal markers , 

POSITIONING one or more thermal imaging devices arranged to capture a 
baseline infrared image and an updated infrared image of the 

CROSS - REFERENCE TO RELATED 5 surface and the plurality of thermal markers , and a comput 
APPLICATION ing device communicatively coupled to the one or more 

thermal imaging devices . A first thermal marker of the 
The present application claims priority to U.S. Provisional plurality of thermal markers is arranged at or near a joint of 

Patent Application Ser . No. 62 / 248,387 , filed Oct. 30 , 2015 the subject positioned on the surface and each of the 
and entitled “ Systems and Methods for Determining and plurality of thermal markers emits thermal energy that is 
Tracking Subject Positioning , ” the entire contents of which distinguishable from thermal energy emitted by the subject 
is incorporated herein by reference . positioned on the surface , the surface , and one or more 

objects proximate the surface . The computing device 
BACKGROUND receives the baseline infrared image and the updated infrared 

image and determines a corrective movement for at least one 
Field of the subject and the surface to align the plurality of thermal 
The present specification generally relates to tracking markers in the updated infrared image with the plurality of 

systems and methods and , more specifically , to tracking thermal markers in the baseline infrared image based on a 
systems and methods that incorporate thermal imaging . 20 location of the plurality of thermal markers in the baseline 

Technical Background infrared image and a location of the plurality of thermal 
It may be necessary to determine and / or track a subjects markers in the updated infrared image . 

positioning during a surgical procedure . For example , a In yet another embodiment , a system for displaying a 
surgical procedure may require that a subject be initially model of a subject includes one or more thermal imaging 
oriented in a first position , subsequently repositioned to a 25 devices and a computing device communicatively coupled 
second position , and then repositioned a second time back to to the one or more thermal imaging devices . The computing 
the first position . Existing methods require medical staff to device includes a processing device and a non - transitory , 
estimate the positioning of the subject for each of the processor - readable storage medium having one or more 
positions , which may be time consuming and inaccurate . processor readable and executable instructions that , when 

Accordingly , a need exists for systems and methods that 30 executed , cause the processing device to receive one or more 
provide medical staff with an ability to accurately determine infrared images from the one or more thermal imaging 
and / or track the positioning of a subject . devices . The infrared images contain a plurality of thermal 

markers positioned relative to a surface , and at least one of 
SUMMARY the plurality of thermal markers is positioned on a subject 

35 located on the surface . The non - transitory , processor - read 
In one embodiment , a system for determining a position- able storage medium further has one or more processor 

ing of a subject includes a plurality of thermal markers , one readable and executable instructions that , when executed , 
or more thermal imaging devices arranged to capture a cause the processing device to determine a location of the 
baseline infrared image and an updated infrared image of the plurality of thermal markers with respect to the subject from 
surface and the plurality of thermal markers , and a comput- 40 the one or more infrared images . The plurality of thermal 
ing device communicatively coupled to the one or more markers produce thermal energy that is identifiable and 
thermal imaging devices . A first thermal marker of the distinguishable from thermal energy emitted by the surface 
plurality of thermal markers is arranged at a first location and the subject . The non - transitory , processor - readable stor 
relative to the surface . The computing device receives the age medium further has one or more processor readable and 
baseline infrared image and the updated infrared image and 45 executable instructions that , when executed , cause the pro 
determines a corrective movement for at least one of the cessing device to map the location of the one or more 
subject and the surface to align the thermal markers in the thermal markers to a model that represents the subject and 
updated infrared image with the thermal markers in the the positioning of the subject and display the model with a 
baseline infrared image based on a location of the plurality plurality of indicators thereon . Each of the plurality of 
of thermal markers in the baseline infrared image and a 50 indicators corresponds to each of the plurality of thermal 
location of the plurality of thermal markers in the updated markers . 
infrared image . In yet another embodiment , a method for tracking a 

In another embodiment , a method of positioning a subject positioning of a subject includes receiving , by a processing 
on a surface includes placing a plurality of thermal markers device , one or more infrared images of the subject and 
on a body of the subject , capturing baseline infrared images 55 determining , by the processing device , a location of a 
of the subject and the plurality of thermal markers with one plurality of thermal markers with respect to the subject from 
or more thermal imaging devices , and transmitting the the one or more infrared images . The plurality of thermal 
baseline infrared images and the updated infrared images to markers produce thermal energy that is identifiable and 
a computing device . The computing device determines a distinguishable from thermal energy produced by the sub 
corrective movement to align the thermal markers in the 60 ject , and at least one thermal marker is located at a first 
updated image with the thermal markers in the baseline location on a body of the subject . The method further 
image based on a location of the plurality of thermal markers includes mapping , by the processing device , the location of 
in the baseline infrared image and a location of the plurality the one or more thermal markers to a model that represents 
of thermal markers in the updated infrared image . The the subject and the positioning of the subject and displaying , 
method further includes applying the corrective movement 65 by the processing device , the model with a plurality of 
to at least one of the subject and the surface to position the indicators thereon . The plurality of indicators corresponds to 
subject on the surface . the plurality of thermal markers . 
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Additional features and advantages of the embodiments subject during surgery , examples of which are illustrated in 
described herein will be set forth in the detailed description the accompanying drawings . Whenever possible , the same 
which follows , and in part will be readily apparent to those reference numerals will be used throughout the drawings to 
skilled in the art from that description or recognized by refer to the same or like parts . One embodiment of a system 
practicing the embodiments described herein , including the 5 for tracking the positioning of a subject is depicted in FIG . 
detailed description which follows , the claims , as well as the 1A , in which the system includes one or more thermal appended drawings . imaging devices , a computing device , and a plurality of It is to be understood that both the foregoing general thermal markers , where at least one of the thermal markers description and the following detailed description describe 
various embodiments and are intended to provide an over is arranged at a first location on the body of the subject . The 
view or framework for understanding the nature and char- 10 one or more thermal imaging devices obtain one or more 
acter of the claimed subject matter . The accompanying thermal images of the subject , the thermal markers , and / or 
drawings are included to provide a further understanding of the surface upon which the subject is positioned . The 
the various embodiments , and are incorporated into and computing device receives the one or more thermal images , 
constitute a part of this specification . The drawings illustrate analyzes the images to determine the location of the thermal 
the various embodiments described herein , and together 15 markers , maps the thermal markers to a model , and displays 
with the description serve to explain the principles and the model with indicators thereon corresponding to the 
operations of the claimed subject matter . location of the thermal markers . As the positioning of the 

subject is changed , the computing device detects an updated 
BRIEF DESCRIPTION OF THE DRAWINGS location of the thermal markers from the images that are 

20 received from the thermal imaging devices , maps the 
FIG . 1A schematically depicts an illustrative subject updated positioning on the model , and displays the model 

tracking system according to one or more embodiments with the updated positioning . Optionally , the computing 
shown or described in ; device may further provide instructions for returning the 
FIG . 1B schematically depicts an illustrative surface of a positioning of the subject to an original positioning or 

subject tracking system according to one or more embodi- 25 moving the subject to a new positioning . Accordingly , the 
ments shown or described herein ; positioning of a subject can be accurately tracked such that , 
FIG . 2 schematically depicts a block diagram of the if the subject is moved , the subject can be moved again to 

interconnectivity of the various components of the subject return to the previous positioning . In addition , the system 
tracking system of FIG . 1A according to one or more can be coupled to automated surgical surfaces to automati 
embodiments shown or described herein ; 30 cally move the subject , thereby avoiding the need to breach 
FIG . 3 schematically depicts a block diagram of illustra- a sterile field surrounding the subject during a procedure . 

tive computing device components according to one or more The phrase " communicatively coupled " is used herein to 
embodiments shown or described herein ; describe the interconnectivity of various components of the 
FIG . 4 schematically depicts a flow diagram of an illus- system for tracking the positioning of a subject and means 

trative method of obtaining an image and determining a 35 that the components are connected either through wires , 
subject positioning according to one or more embodiments optical fibers , or wirelessly such that electrical , optical , 
shown or described herein ; and / or electromagnetic signals may be exchanged between 
FIG . 5 schematically depicts illustrative thermal markers the components . It should be understood that other means of 

on a subject as imaged by a thermal imaging device accord- connecting the various components of the system not spe 
ing to one or more embodiments shown or described herein ; 40 cifically described herein are included without departing 
FIG . 6A schematically depicts a perspective front view of from the scope of the present disclosure . 

an illustrative three dimensional model of a subject accord- As used herein , the term “ positioning ” generally refers to 
ing to one or more embodiments shown or described herein ; how a subject is oriented on a surface , including the location 
FIG . 6B schematically depicts a side view of an illustra- and orientation of various body parts relative to other body 

tive three dimensional model of a subject according to one 45 parts and / or the surface . For example , a subject's positioning 
or more embodiments shown or described herein ; may be that the subject is face down with the head tilted to 

FIG . 6C schematically depicts a perspective rear view of the right , the arms raised above the shoulders , the legs 
an illustrative three dimensional model of a subject accord- parallel to each other , and the back flattened . The subject's 
ing to one or more embodiments shown or described herein ; positioning may change , for example , if the subject's back 
FIG . 7 schematically depicts an illustrative screen shot of 50 is arched , the head is moved , the legs are moved , and / or the 

a user interface according to one or more embodiments like . In addition , " positioning ” may also refer to a location 
shown or described herein ; of thermal markers relative to the subject's body and / or a 
FIG . 8 schematically depicts a flow diagram of an illus- configuration of the surface on which a subject is posed . 

trative method of providing a user interface and responding Referring to FIG . 1A , a system 100 for determining a 
to user inputs according to one or more embodiments shown 55 positioning of a subject is depicted . The system 100 includes 
or described herein ; at least one thermal imaging device 105 ( three depicted in 
FIG . 9A schematically depicts another illustrative screen FIG . 1A ) communicatively coupled to a computing device 

shot of a user interface according to one or more embodi- 110. In addition , the system 100 includes a plurality of 
ments shown or described herein ; and thermal markers 120 , each of which is arranged on or around 
FIG . 9B schematically depicts another illustrative screen 60 the body of a subject 115 , on or around a surface 125 

shot of a user interface according to one or more embodi- supporting the subject 115 , and / or on one or more other 
ments shown or described herein . objects adjacent to the body of the subject 115 and / or the 

surface 125. The system 100 is generally arranged and 
DETAILED DESCRIPTION configured such that each thermal imaging device 105 is 

65 positioned to image the subject 115 , the thermal markers 
Reference will now be made in detail to embodiments of 120 , and / or the surface 125 and transmit images to the 

systems and methods for tracking the positioning of a computing device 110 . 
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Various components of the system 100 may generally be devices 105 is not limited by this disclosure , and may 
located in a room or an area that is used for subject care . For generally be any distance . In another example , the thermal 
example , in some embodiments , certain components of the imaging devices 105 may be arranged next to each other and 
system 100 may be located in an operating room , a surgical each thermal imaging device 105 is configured to obtain an 
suite , a recovery room , a subject's room , or the like . In some 5 image that partially overlaps an image obtained by at least 
embodiments , all of the components of the system 100 may one adjacent thermal imaging device 105 such that the 
be located in the same room or area . In other embodiments , images can be stitched together to obtain a panoramic image . 
certain components of the system 100 may be remotely The computing device 110 is communicatively coupled to 
located . In a nonlimiting example , the computing device 110 each thermal imaging device 105 such that the computing 
and / or one or more components thereof may be remotely 10 device 110 receives data transmissions , particularly data 
located . For example , the computing device 110 may be a transmissions containing image data , from each thermal 
remotely located server that is communicatively coupled to imaging device 105. Certain wired or wireless connections 
each thermal imaging device 105 and a display that are now known or later developed for transmitting such data 
located in the same room or area . should generally be understood as being included within the 

Certain components of the system 100 are communica- 15 scope of the present disclosure . 
tively coupled to each other to transmit data . For example , The computing device 110 and / or one or more compo 
as depicted in FIG . 2 , each thermal imaging device 105 , the nents thereof are arranged such that the thermal images are 
computing device 110 , and the surface 125 may be con- received from each thermal imaging device 105 and infor 
nected via a network 107. The network 107 may include a mation and images are displayed to various personnel that 
wide area network ( WAN ) , such as the Internet , a local area 20 are caring for the subject 115. Thus , at least one component 
network ( LAN ) , a mobile communications network , a public of the computing device 110 ( such as a display ) may be 
service telephone network ( PSTN ) , a personal area network arranged such that the personnel can view the displayed 
( PAN ) , a metropolitan area network ( MAN ) , a virtual private images . Accordingly , the computing device 110 and / or one 
network ( VPN ) , or any other suitable network . or more components thereof may be located in the same 

Referring again to FIG . 1A , each thermal imaging device 25 room or area of the subject 115 and each thermal imaging 
105 is generally positioned such that the thermal imaging device 105 or an adjacent room or area . The computing 
device 105 is aimed at the subject 115 , the thermal markers device 110 and / or one or more components thereof may be 
120 , the surface 125 , and / or one or more other objects freestanding , mounted to a wall , coupled to other equipment , 
adjacent to the body of the subject 115 and / or the surface arranged on a cart , and / or the like . 
125. That is , an optical axis 106 of each thermal imaging 30 The plurality of thermal markers 120 may generally be 
device 105 extends towards at least a portion of the subject arranged on or around the subject 115 , on or around the 
115 , the thermal markers 120 , the surface 125 , and / or the surface 125 , and / or on one or more other objects ( e.g. , 
other objects . In the embodiments described herein , the accessories , tops , head positioners , torso supports , and / or the 
optical axis 106 refers to an imaginary line defining the path like ) adjacent to the body of the subject 115 and / or the 
along which electromagnetic radiation ( such as thermal 35 surface 125 such that thermal radiation emitted by the 
radiation ) propagates to and through the thermal imaging thermal markers 120 is within the field of view of at least one 
device 105. In embodiments , each thermal imaging device thermal imaging device 105. Thus , in some embodiments , 
105 may be mounted on a wall , on a ceiling , or in a corner . the subject 115 may be positioned on the surface 125 in the 
In some embodiments , each thermal imaging device 105 room or area with each thermal imaging device 105 arranged 
may be coupled to various apparatuses , such as floor stands , 40 around the subject 115 , the surface 125 , and / or other objects . 
surgical lamps , IV poles , induction hoods , or the like . Each thermal imaging device 105 may be any imaging 

While FIG . 1A depicts three thermal imaging devices 105 , device that is suitable for obtaining images within the 
it should be understood that any number of thermal imaging infrared ( IR ) spectrum . As used herein , the term “ images ” or 
devices 105 may be used in conjunction with the system “ image ” refers video images ( i.e. , a sequence of consecutive 
100. For example , in some embodiments , the system 100 45 images ) and / or still images ( including still images isolated 
may include a single thermal imaging device . In other from video images ) captured in at least the infrared spec 
embodiments , the system 100 may include two or more trum . That is , each thermal imaging device 105 may be a 
thermal imaging devices 105. In some embodiments , the device that obtains images via IR thermography to capture 
number of thermal imaging devices 105 in the system may radiation in the long - infrared range of the electromagnetic 
be sufficient to render a three dimensional ( 3D ) image or 50 spectrum . The long - infrared range of the electromagnetic 
heat map of the subject 115 , the surface 125 , and / or the one spectrum may be electromagnetic radiation having a wave 
or more other objects . length from about 9 micrometers ( um ) to about 14 um , 

In embodiments where the system 100 includes a plurality including about 9 um , about 10 um , about 11 um , about 12 
of thermal imaging devices 105 , such thermal imaging um , about 13 um , about 14 um or any value or range between 
devices 105 may be spaced apart or may be arranged next to 55 any two of these values ( including endpoints ) . A nonlimiting 
each other . For example , each of the thermal imaging example of a thermal imaging device includes any one of the 
devices 105 may be spaced at a distance from each other infrared cameras sold by FLIR Systems , Inc. ( Wilsonville , 
such that the respective optical axis 106 of each thermal Oreg . ) . 
imaging device 105 is at a different angle with respect to the Since IR radiation is emitted by all objects having a 
surface 125. For example , in embodiments , the thermal 60 temperature above absolute zero , a thermal imaging device 
imaging devices 105 may be oriented relative to one another 105 that obtains images via IR thermography allows for 
and the surface 125 such that the optical axes 106 of imaging an environment with or without visible illumina 
respective thermal imaging devices 105 are non - parallel tion . The thermal imaging device 105 obtains images based 
with one another , as depicted in FIG . 1A . As such , each on temperature and the resulting images indicate variations 
thermal imaging device 105 captures a different angle of the 65 in temperature . Thus , in the images produced by the thermal 
subject 115 , the thermal markers 120 , the surface 125 , and / or imaging device 105 , objects are distinguishable from one 
other objects . The distance between the thermal imaging another and the background based on variations in tempera 
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ture . For example , humans become distinguishable in a Optionally , the program instructions may be stored on a 
typical room temperature environment because their body tangible computer - readable medium such as a digital disk , 
temperatures are greater than objects that are at or below flash memory , a memory card , a USB drive , an optical disc 
room temperature and because the human body emits IR storage medium , such as a Blu - rayTM disc , a digital versatile 
radiation at a different temperature than such objects at , 5 disc ( DVD ) a compact disc ( CD ) , and / or other non - transi 
below , or above room temperature . tory processor - readable storage media . 

Moreover , the thermal imaging device 105 can image An optional user interface 320 may permit information certain target objects ( such as the subject 115 , the surface from the bus 300 to be displayed on a display 325 in audible , 125 , other objects , and / or the thermal markers 120 ) even if 
the field of view between the thermal imaging device 105 10 320 may also include one or more inputs 330 that allow for 

visual , graphic , or alphanumeric format . The user interface 
and the target object is obstructed or partially obstructed by 
items that are at a lower temperature and allow thermal transmission to and receipt of data from input devices such 

as a keyboard , a mouse , a joystick , a touch screen , a remote energy to penetrate therethrough . This is because the target 
object radiates thermal energy that extends around and / or control , a pointing device , a video input device , an audio 
through the obstruction . For example , if the field of view for 15 input device , a haptic feedback device , and / or the like . In 
a thermal imaging device 105 is partially blocked by an some embodiments , the display 325 and the inputs 330 may 
obstruction such as a sheet , a surgical drape , a hospital be combined into a single device , such as a touchscreen 
gown , clothing , and / or the like , the thermal imaging device display or the like . Such a user interface 320 may be used , 
105 may nevertheless detect the IR radiation emitted by the for example , to allow a user to view thermal images of the 
target object if the target object emits sufficient thermal 20 subject 115 ( and the thermal markers 120 thereon ) , deter 
energy to pass around and / or through the obstruction . mine which other objects are being utilized ( e.g. , accessories 

In various embodiments , the thermal imaging device 105 such as tops , head positioners , torso supports , and / or the 
may incorporate or be coupled to various other components like ) , view information regarding positioning of the subject 
to provide additional functionality . For example , in some 115 , receive instructions for manually adjusting the posi 
embodiments , the thermal imaging device 105 may incor- 25 tioning of the subject 115 , provide inputs for automatically 
porate an imaging device that obtains images within the adjusting the positioning of the subject 115 , view a body 
visible spectrum of electromagnetic radiation ( e.g. , radiation temperature of the subject 115 , and / or the like . 
having a wavelength from about 390 nanometers ( nm ) to A system interface 335 may generally provide the com 
about 700 nm ) in addition to capturing images in the infrared puting device 110 with an ability to interface with one or 
spectrum . In another example , the thermal imaging device 30 more external devices 340 , particularly the one or more 
105 may incorporate various mechanisms that allow the other portions of the system 100 , such as , for example , the 
thermal imaging device 105 to move , such as to change thermal imaging devices 105 or the surface 125. Commu 
location , pan , tilt , scan , and / or the like . nication with external devices 340 may occur using various 

In the embodiments described herein , the computing communication ports ( not shown ) . An illustrative commu 
device 110 is a computer that receives thermal images in the 35 nication port may be attached to a communications network , 
form of image data , processes the image data , and provides such as the network 107 ( FIG . 2 ) described in greater detail 
information . In some embodiments , the computing device herein . 
110 may be particularly configured to process thermal image Referring again to FIG . 1A , each of the thermal markers 
data and determine subject positioning by using specific 120 is generally any device or object that can be arranged 
components not commonly included in a general purpose 40 relative to the surface 125 , such as on the subject 115 
computer . For example , in some embodiments , various positioned on the surface 125 , directly on the surface 125 , 
components of the computing device 110 may be integrated and / or other objects such as accessories or the like coupled 
with at least one thermal imaging device 105. That is , the to the surface 125. In addition , each of the thermal markers 
thermal imaging device 105 and at least one component of 120 is generally any device or object that emits thermal 
the computing device 110 may be particularly integrated to 45 energy to provide a distinct and distinguishable reference 
obtain and process thermal images for the purpose of point when imaged by the thermal imaging device 105 . 
determining a positioning of the subject 115 . Thus , the type of thermal marker 120 are not limited by the 

To receive the image data , process the thermal images , present disclosure . In some embodiments , each thermal 
and provide information , the computing device 110 includes marker 120 may be any commercially available thermal 
a plurality of hardware components . Referring also to FIG . 50 marking product now known or later developed . One non 
3 , various illustrative hardware components of the comput- limiting example of a thermal marking product includes 
ing device 110 are depicted . A bus 300 may interconnect the products sold by Adams Industries , Inc. ( Los Angeles , 
various components . A processing device , such as a com- Calif . ) . 
puter processing unit ( CPU ) 305 , may be the central pro- The thermal markers 120 are generally attachable and 
cessing unit of the computing device 110 , performing cal- 55 positionable relative to the surface 125. For example , the 
culations and logic operations required to execute thermal markers 120 may be attachable and positionable on 
program . The CPU 305 , alone or in conjunction with one or the subject 115 such as with adhesive material or the like . 
more of the other elements disclosed in FIG . 3 , is an That is , in some embodiments , the thermal markers 120 may 
illustrative processing device , computing device , processor , be shaped and sized such that they cover a particular portion 
or combination thereof , as such terms are used within this 60 of the subject’s body , such as , for example , a joint . Because 
disclosure . Memory , such as read only memory ( ROM ) 315 certain joints may be relatively close together than other 
and random access memory ( RAM ) 310 , may constitute joints , the thermal markers 120 may be shaped and sized 
illustrative memory devices ( i.e. , non - transitory , processor- such that they can be distinguished from each other when 
readable storage media ) . Such memory 310 , 315 may placed over adjacent joints that are close together , yet also 
include one or more program instructions thereon that , when 65 not so small that they are not detectable by the thermal 
executed by the CPU 305 , cause the CPU 305 to complete imaging device 105. Accordingly , it should be understood 
various processes , such as the processes described herein . that the thermal markers 120 may be shaped and sized to 

a 
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allow for differentiation of adjacent body parts , yet large about 20 ° C. , about 30 ° C. , about 40 ° C. , about 50 ° C. , or 
enough to be imaged by the thermal imaging device 105 . any value or range between these two values ( including 

In addition , the thermal markers 120 may also be attach- endpoints ) . It should be understood that other temperature 
able and positionable relative to the surface 125 , such as differences between the thermal energy radiated by the 
when the thermal markers 120 are directly attached to the 5 thermal markers 120 and the thermal energy radiated by the 
surface 125 , such as with adhesive material or the like . That subject 115 and / or the surface 125 are contemplated and 
is , the thermal markers 120 may be shaped and sized such possible . In some embodiments , the temperature of the 
that they cover a particular portion of the surface 125 , such thermal energy radiated by the thermal markers 120 may be 
as various surface features . For example , the thermal mark- such that it does not injure the subject 115 , such as by 
ers 120 may be arranged on joints , connection points , 10 causing tissue damage or the like . For example , if the 
discrete portions of the surface and / or the like such that the thermal energy radiated by the thermal markers 120 is too 
surface features provide a reference point that can be used to hot , it may burn the subject 115. In some embodiments , the 
determine positioning of the subject 115 vis - à - vis the surface thermal markers 120 may include a shielded surface or the 
125. The thermal markers 120 may be arrangeable on the like that is positioned between the subject 115 and a thermal 
surface 125 such that a positioning and an orientation of the 15 energy emitting portion of the thermal marker 120 to shield 
surface 125 can be determined . Accordingly , it should be the subject 115 from the thermal energy emitted by the 
understood that the thermal markers 120 are attachable and thermal marker . 
positionable relative to the surface , either directly to the In some embodiments , the temperature of the thermal 
surface 125 or to a subject positioned on the surface 125 . energy emitted by the thermal markers 120 may be substan 

In addition , the thermal markers 120 may also be attach- 20 tially the same for each of the thermal markers 120. In other 
able and positionable relative to one or more other objects , embodiments , the temperature of the thermal energy emitted 
such as accessories or the like , which may be coupled to the by the thermal markers 120 may vary across all of the 
surface 125 , supporting the subject 115 , adjacent to the thermal markers . In these embodiments , the difference in 
surface 125 and / or the subject , and / or the like . The thermal thermal energy emitted by the various markers may assist in 
markers 120 may be attachable and positionable with adhe- 25 differentiating the portions of the subject 115 and / or the 
sive material or the like . That is , the thermal markers 120 surface 125 to which the thermal markers 120 are attached 
may be shaped and sized such that they cover a particular in a captured image . That is , each portion of the subject 115 
portion of the other object , such as various surface features . and the surface 125 may be marked with a thermal marker 
For example , the thermal markers 120 may be arranged on 120 that emits a different wavelength of thermal energy . In 
joints , connection points , discrete portions of the other 30 still other embodiments , the temperature of the thermal 
object and / or the like such that the surface features provide energy emitted by the thermal markers 120 attached to the 
a reference point that can be used to determine the type of subject 115 may be different than the temperature of the 
other object , and / or the location and positioning of the other thermal energy emitted by the thermal markers 120 attached 
object relative to the subject 115 and / or the surface 120. In to the surface 125. In these embodiments , the difference in 
turn , may also be used to determine positioning of the 35 thermal energy emitted by the various markers may assist in 
subject 115 vis - à - vis the other objects ( e.g. , such as when the differentiating the subject 115 and the surface 125 to which 
other object is a head positioner or other accessory that the thermal markers 120 are attached in a captured image . 
interacts with the subject 115 ) . The thermal markers 120 When the temperature of the thermal energy emitted by the 
may be arrangeable on the other object such that a position- thermal markers 120 varies , a user may place thermal 
ing and an orientation of the other object can be determined . 40 markers emitting a first temperature in a first location on the 

The thermal markers 120 emit thermal energy that , when subject 115 and / or the surface 125 and place thermal mark 
imaged by a thermal imaging device 105 , is identifiable and ers emitting a second temperature in a second location on the 
distinguishable from the subject 115 and the surface 125 by subject 115 and / or the surface 125 such that the first location 
the computing device 110 when the image data is processed . and the second location can be distinguished from one 
That is , the thermal markers 120 radiate thermal energy that 45 another , which may further help determine the positioning of 
is at a temperature that differs from the thermal energy the subject 115 . 
radiated by the subject 115 and / or the surface 125. Accord- The surface 125 is generally any supportive component 
ingly , the thermal markers 120 may radiate thermal energy for supporting the subject 115 , particularly when the subject 
at a temperature that is colder than the thermal energy 115 is receiving medical care , such as , for example , under 
radiated by the subject 115 or hotter than the thermal energy 50 going a surgical procedure . In some nonlimiting examples , 
radiated by the subject 115 such that the thermal markers the surface 125 may be an operating table , a gurney , a 
120 are distinguishable from the subject 115 in the image hospital bed , and / or a person support apparatus . In some 
captured by the thermal imaging device 105. In addition , the embodiments , the surface 125 may be a person support 
thermal markers 120 may radiate thermal energy at a tem- apparatus that supports the subject 115 during a spinal 
perature that is colder than the thermal energy radiated by 55 surgical procedure in which the subject 115 may be posi 
the surface 125 or hotter than the thermal energy radiated by tioned or moved during the procedure . FIG . 1B depicts one 
the surface 125 such that the thermal markers 120 are such illustrative surface 125. As depicted in FIG . 1B , the 
distinguishable from the surface 125 in the image captured surface 125 may be an automated or semi - automated person 
by the thermal imaging device 105 . support apparatus that is used for a spinal procedure , which 

The difference between the temperature of the thermal 60 includes one or more movable support components 130 and 
energy radiated by the thermal markers 120 and the thermal one or more control devices 135 . 
energy radiated by the subject 115 and / or the surface 125 is The one or more movable support components 130 may 
not limited by the present disclosure , and may generally be be components that support a subject thereon and are 
any temperature difference that is distinguishable by the movable to position and / or reposition the subject . At least a 
computing device 110 when the image data is processed . For 65 portion of the one or more movable support components 130 
example , the difference may be from about 1 ° C. to about may move in any direction to position or break a subject 
50 ° C. , including about 1 ° C. , about 5 ° C. , about 10 ° C. , supported thereon , such as to establish a baseline positioning 
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for a first spinal procedure or a first portion of a spinal Prior to beginning the processes described with respect to 
procedure , and subsequently move to position or break the FIG . 4 , the one or more thermal markers 120 may be placed 
subject in a second position for a second spinal procedure or on the subject 115 , the surface 125 supporting the subject 
a second portion of a spinal procedure . For example , at least 115 , and / or on one or more other objects . That is , prior to 
a portion of the one or movable support components 130 5 capturing thermal images of the subject 115 , the surface 125 , 
may move up or down in a vertical direction ( e.g. , along the and / or the other objects , the one or more thermal markers 
Z - axis ) , or sideways in a horizontal direction ( e.g. , in the x - y 120 may be placed in a desired location . For example , if a 
plane ) . In some embodiments , at least a portion of the one subject's spine is to be imaged , each of the one or more 
or more movable support components 130 may move rela thermal markers 120 may be placed on each vertebra of the 
tive to one or more other portions of the surface 125. In some 10 subject , or at another suitable location . The one or more 

thermal markers 120 may generally be placed by surgical embodiments , a first portion of a movable support compo personnel , and may optionally be placed according to one or nent 130 may move relative to a second portion of the more instructions provided by the computing device 110 . movable support component 130 such that the first portion Alternatively , the one or more thermal markers 120 may be 
and the second portion fold the movable support component 15 placed and a user may input the approximate location of the 
130 along an axis ( represented by the dashed line ) . thermal markers 120 into the computing device 110 ( e.g. , 

In some embodiments , the surface 125 may further be “ head ” , “ elbow ” , “ knee ” , etc. ) . adjustable by incorporating one or more additional movable Referring to FIGS . 1A and 4 , in step 405 , the computing 
components for moving or positioning the subject 115 ( FIG . device 110 may receive a user input to begin tracking subject 
1 ) supported thereon . For example , the surface 125 may 20 positioning . It should be understood that step 405 is 
include a first movable column 140 and a second movable optional . That is , in some embodiments , the computing 
column 145 , each of which extends and retracts in the device 110 may not receive a user input to begin tracking 
vertical direction independently or in conjunction with one subject positioning . For example , the computing device 110 
another to move the subject 115 ( FIG . 1 ) up or down in the may recognize when a subject 115 is within the field of view 
vertical direction . For example , the first column 140 may be 25 of each thermal imaging device 105 and begin tracking , or 
extended relative to the second column 145 to achieve an the computing device 110 may be in an “ always on ” state 
inclined surface 125 so as to place the subject 115 ( FIG . 1 ) when powered on such that it is ready to complete the 
in a Trendelenburg or reverse Trendelenburg position . various processes described with respect to FIG . 4 without 

The one or more control devices 135 may control move- any user input . 
ment of the one or more movable support components 130 , 30 In some embodiments , the computing device 110 may 
the first movable column 140 , and / or the second movable direct each thermal imaging device 105 to obtain the thermal 
column 145. That is , the one or more control devices 135 images in step 410. For example , the computing device 110 
may incorporate or be communicatively coupled to one or may direct each thermal imaging device 105 by transmitting 
more movement mechanisms ( not shown ) , such as , for a signal to each thermal imaging device 105. It should be 
example , an actuator , a rotation mechanism , an inflatable 35 understood that step 410 is optional . That is , in some 
bladder , and / or the like that causes the one or more movable embodiments , each thermal imaging device 105 may obtain 
support components 130 , the first movable column 140 , thermal images and / or transmit data without direction from 
and / or the second movable column 145 to move . the computing device 110. For example , each thermal imag 

In various embodiments , the one or more control devices ing device 105 may automatically obtain thermal images 
135 may be communicatively coupled to the computing 40 and / or transmit data when powered on . 
device 110. As such , the computing device 110 may transmit In step 415 , the computing device 110 receives the 
one or more signals to the one or more control devices 135 . thermal images from each thermal imaging device 105. The 
In response to the one or more signals received from the thermal images may be in the form of image data . Thus , the 
computing device 110 , the one or more control devices 135 thermal images may be transmitted as image data from each 
may cause the one or more movable support components 45 thermal imaging device 105 to the computing device 110 . 
130 , the first movable column 140 , and / or the second The computing device 110 analyzes the thermal images in 
movable column 145 to move , thereby moving or position- step 420. The thermal images are generally analyzed to 
ing a subject thereon . In some embodiments , the one or more determine a shape and positioning of the subject 115 , which 
control devices 135 may be directed to move independently may be based on the location and positioning of the subject 
of signals received from the computing device 110. For 50 115 , location and positioning of certain body parts of the 
example , the one or more control devices 135 may incor- subject 115 , the surface 125 , other objects , and / or the 
porate a user interface ( e.g. , a foot pedal or the like ) that thermal markers 120. The thermal images may also be 
allows a user to direct the one or more control devices 135 analyzed to determine a location of the thermal markers 120 . 
to move the one or more movable support components 130 . Based on this initially - obtained and analyzed image data 

It should be understood that the surface 125 depicted in 55 from the thermal imaging devices 105 according to steps 
FIG . 1B is merely illustrative , and other surfaces that move 415 and 420 , the computing device 110 may use the location 
or position a subject thereon are contemplated and possible . and positioning of the subject’s body , parts thereof , and the 
In addition , the surface 125 may be manually controlled to thermal markers 120 as a baseline image for establishing 
move or position a subject thereon . whether the subject 115 is moved from that initial position 

The various processes that may be carried out by the 60 ing thereafter , as a guideline for returning the subject 115 
computing device 110 in obtaining image data from each back to the initial positioning , and / or for a determination as 
thermal imaging device 105 , generating a model , and pro- to whether the subject 115 is appropriately positioned . 
viding a user interface is depicted in flow diagram of FIG . Referring now to FIGS . 1A and 5 , FIG . 5 is a pictographic 
4. Each of the processes described with respect to FIG . 4 representation of illustrative image data obtained by a ther 
may be embodied by one or more programmed instructions 65 mal imaging device 105 and transmitted to the computing 
stored on one or more memory devices , such as the RAM device 110. As shown in FIG . 5 , a thermal image 500 of the 
310 or the ROM 315 ( FIG . 3 ) described herein . subject 115 indicates the relative temperature of thermal 
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energy radiated by various portions of the subject's body . In A model may be generated as a scaled representation of the 
some embodiments , the thermal image 500 may include a subject 115 , including various body features of the subject 
scale 505 that indicates the relative temperature of the 115 , which is based on information contained in the thermal 
thermal energy radiated by different portions of the subject's images . As part of generating the model , the computing 
body based on the temperature of IR radiation that is 5 device 110 may further map the locations of the thermal 
detected by the thermal imaging device 105. For example , in markers 120 as indicators on the model in step 430. FIGS . 
some embodiments , the scale 505 may range from the 6A - 6C depict an illustrative model that may be generated by 
coolest portions of the subject's body ( lowest temperature of the computing device 110 with indicators mapped thereon . 
IR radiation detected ) at the bottom and the highest portions Referring also to FIG . 1A , the model 600 may generally be 
of the subject's body ( highest temperature of IR radiation 10 a computer - generated representation of the subject's body 
detected ) at the top . that is based on the information contained in the image data 

Since the subject 115 may generally radiate more thermal received from each thermal imaging device 105. In some 
energy than surrounding objects , the computing device 110 embodiments , the model 600 may be a two dimensional 
may determine an outline of the subject's body and / or representation of the image data . In other embodiments , the 
various body features based on the thermal energy radiating 15 model 600 may be a three dimensional representation of the 
therefrom when completing step 420 ( FIG . 4 ) by , for image data , particularly in embodiments where image data 
example , thresholding the image to isolate the subject 115 is obtained from a plurality of thermal imaging devices 105 
from cooler portions of the collected image . For example , spaced apart from each other such that the respective optical 
the computing device 110 may determine the outline of the axis 106 of each thermal imaging device 105 is at a different 
subject 115 based on a change in the temperature of the 20 angle relative to the surface 125 supporting the subject 115 . 
thermal energy ( e.g. , the subject's body will generally In various embodiments , the model 600 may be con 
radiate thermal energy within a first particular range and the structed by the computing device 110 such that the shapes 
area immediately surrounding the subject's body radiates and various dimensions thereof reflect the shapes and vari 
thermal energy within a second particular range different ous dimensions of the subject that is imaged by the one or 
than the first ) . In addition , the computing device 110 may 25 more thermal imaging devices 105. In some embodiments , 
determine certain features of the subject 115 based on the the model 600 may include a plurality of indicators 605 
thermal energy radiated therefrom . For example , the thereon that correspond to the thermal markers 120. That is , 
extremities of the subject ( e.g. , the limbs , feet , hands , etc. ) each of the indicators 605 on the model 600 corresponds to 
may radiate thermal energy at a lower temperature than , for a thermal marker 120 on the subject 115. Thus , if a thermal 
example , the torso or the head . The computing device 110 30 marker 120 is placed on the right elbow of the subject 115 , 
may recognize a subject's torso because it radiates more the computing device 110 recognizes the location from the 
thermal energy than the subject's extremities ( e.g. , fingers , image data and places a corresponding indicator 605 on the 
toes , and / or the like ) in conjunction with the general shape right elbow of the model 600. Accordingly , when the model 
and relative positioning of the torso . 600 is displayed by the computing device 110 , it appears to 

In addition , the thermal markers 120 may be positioned at 35 a user as a representation of the subject 115 with the thermal 
particular locations on the subject 115 to serve as reference markers 120 thereon . In other embodiments , the model 600 
points that are used by the computing device 110 in deter- may be generated without the indicators 605 thereon . That 
mining the positioning of the subject and the various loca- is , the model 600 may represent the positioning of the 
tions of certain portions of the subject . In some embodi- subject 115 based on the location and positioning of the 
ments , the computing device 110 may recognize the 40 thermal markers 120 , but such a location and positioning of 
positioning of the subject 115 based upon a particular the thermal markers 120 are not displayed as the indicators 
placement of the thermal imaging devices 105 with respect 605 . 
to the subject's body and / or parts thereof . For example , prior Referring again to FIGS . 1A and 4 , in step 435 , the 
to imaging , the computing device 110 may direct a user to computing device 110 may provide the mapped model to a 
place thermal markers 120 at specified locations on the 45 user via a user interface . For example , the computing device 
subject or the computing device 110 may receive inputs 110 may have a user interface that displays the model 600 , 
from a user that indicate where thermal markers 120 have as shown in FIG . 7. Referring to FIGS . 1A and 7 , the user 
been placed . In other embodiments , the computing device interface 700 may provide the model 600 displayed with the 
110 may automatically determine positioning of the subject mapped indicators 605 thereon . In addition , the user inter 
115 based on a recognition of the location , size , shape , 50 face 700 may provide additional information 705 that is 
and / or temperature of the thermal energy radiated by the displayed to the user . In a nonlimiting example , the addi 
subject 115 and / or the thermal markers 120 without any user tional information 705 may be a status message such as 
inputs . In some embodiments , the computing device 110 “ BASELINE THERMAL MARKER POSITIONS ESTAB 
may determine particular parts of the subject's body based LISHED , ” which may indicate that the computing device 
on the type of thermal marker 120 placed thereon . For 55 110 has obtained and processed the thermal images from 
example , one or more first thermal markers that radiate each thermal imaging device 105 when the subject 115 is in 
thermal energy at a first temperature may be placed on the an initial positioning ( e.g. , baseline position ) . In another 
subject's torso and recognized by the computing device 110 nonlimiting example , the additional information 705 may be 
as such . In addition , one or more second thermal markers a message that the subject 115 is appropriately or inappro 
that radiate thermal energy at a second temperature may be 60 priately positioned based on a desired initial positioning / 
placed on the subject's arms and legs and recognized by the arrangement for a particular procedure . In some embodi 
computing device 110 as such . In some embodiments , an ments , the initial positioning may be , for example , the 
initial determination of the positioning of the subject 115 positioning of the subject 115 when the computing device 
may be used as a baseline for additional analysis , such as 110 receives the first thermal images from the thermal 
analysis after the subject 115 is moved or repositioned . 65 imaging devices 105. In other embodiments , the initial 

Referring again to FIGS . 1A and 4 , the computing device positioning may be when the computing device 110 receives 
110 generates a model from the analyzed images in step 425 . an input from a user indicating that the subject 115 is 
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positioned in an initial / baseline positioning . In some recognize that the subject 115 is no longer in the initial 
embodiments , the initial positioning may be a position in baseline positioning that was established . That is , the com 
which the subject 115 is prepared for a first surgical proce- puting device 110 may compare newly received images to 
dure or a first portion of a surgical procedure . In some the originally received baseline images and determine , 
embodiments , the initial positioning may be a position that 5 through image analysis and based upon the comparison , 
is based on stored clinical data . whether the subject’s body , portions thereof , and / or the 

Referring again to FIGS . 1A and 4 , the computing device thermal markers 120 are in the same location . The compari 
110 determines whether additional monitoring of the subject son may further account for any movement of the thermal 
115 is necessary in step 440. Such a determination may imaging devices 105 , adjustments of a field of view of the 
generally be based on one or more inputs received from a 10 thermal imaging devices 105 , and / or the like . For example , 
user and / or may be based on the type of monitoring for if a thermal imaging device 105 moves or changes the field 
which the system 100 is configured . For example , in some of view , it may transmit coordinates and / or additional data 
embodiments , a user may only want to establish an initial to the computing device 110 indicating such a change so that 
baseline positioning of a subject and not conduct additional the computing device 110 recognizes that change when 
monitoring , such as in embodiments where the system 100 15 analyzing the thermal images . If the subject's body , portions 
is used for periodic monitoring of a bedridden subject that is thereof , and / or the thermal markers 120 are in the same 
in traction . In such instances , the computing device 110 may location , the computing device 110 may determine that the 
receive an input that indicates that additional monitoring is subject has not moved . 
not necessary or the computing device 110 may automati- In some embodiments , as shown in FIG . 8 , the computing 
cally be programmed to not conduct additional monitoring . 20 device 110 may detect subject movement in step 805 , such 
Additional monitoring may be necessary to track movement as when the computing device 110 , upon completing the 
and / or positioning of the subject 115 to determine whether comparison , recognizes that the subject's body , portions 
the subject 115 has moved from the initial positioning , such thereof , and / or the thermal markers 120 are no longer in the 
as , for example , during a surgical procedure when the same location as the subject's body , portions thereof and / or 
subject may begin at the baseline positioning for a first 25 the thermal markers 120 in the baseline images . When the 
procedure or a first portion of the procedure , moved to a comparison indicates subject movement , the computing 
second positioning for a second procedure or a second device 110 may provide additional information , via the user 
portion of the procedure , and thereafter either returned to the interface , to notify a user of the detected movement . For 
baseline positioning or moved to a third positioning for a example , the computing device 110 displays a movement 
third procedure or third portion of the procedure . In such 30 status message in step 810. In a nonlimiting example , the 
instances , the computing device may receive an input that additional information 705 provided by the user interface 
indicates that additional monitoring should be completed , 700 may be a status message such as “ SUBJECT HAS 
such as , for example , an input from a user indicating that the BEEN MOVED ! RETURN TO BASELINE ? ” as depicted 
subject 115 is arranged in a baseline positioning or an input in FIG . 9A . 
from a user requesting continuous monitoring . In some embodiments , a user may choose to return the 

If additional monitoring is necessary ( e.g. , to continu- subject to the baseline positioning , such as , for example , in 
ously monitor the subject 115 ) , the process returns to step embodiments where a first portion of a surgical procedure is 
410 to direct the thermal imaging device ( s ) 105 to obtain completed at the baseline positioning , the subject is reposi 
additional images . In embodiments where step 410 is omit- tioned for a second portion of the surgical procedure , and 
ted , the process may return to step 415 to receive additional 40 then returned to the baseline positioning for a third portion 
images from each thermal imaging device 105. If no addi- of the surgical procedure . Referring again to FIGS . 1A and 
tional monitoring is necessary , the process may end . 8 , the computing device 110 provides a query for reposi 
When additional monitoring is necessary and the process tioning the subject 115 in step 815. For example , the 

repeats , the model 600 may be continuously updated to computing device 110 may provide a user input option 710 
reflect the subject positioning , such as when the subject is 45 that includes “ YES ” and “ NO ” buttons , as depicted in FIG . 
moved or repositioned . Accordingly , as shown in FIGS . 1A 9A . The buttons may be actuated by the user to either receive 
and 9A , the user interface 700 may provide the updated instructions or not receive instructions . 
model 600 with the updated location of the indicators 605 If the user selects “ NO ” in the user interface , the com 
thereon . For example , each thermal imaging device 105 may puting device 110 determines in step 820 that an affirmative 
continuously image the subject 115 and the computing 50 input was not received , and may return to step 805 to 
device 110 may continuously receive and analyze the image continue receiving images from the thermal imaging devices 
data ( steps 415 and 420 in FIG . 4 ) , which is used to 105 and comparing the received images to baseline images 
continuously update the model 600 and the indicators 605 and / or updated images that indicate subject movement to 
thereon to correspond to the current positioning of the determine whether the subject 115 is moved additional times 
subject 115 in the image data ( steps 425 and 430 in FIG . 4 ) . 55 to an additional positioning . 
In some embodiments , continuously monitoring the subject If the user selects " YES " in the user interface , the 
115 may include continuously receiving video images from computing device 110 determines in step 820 that an affir 
the thermal imaging devices 105 and continuously analyzing mative input has been received by the user , and subsequently 
the video images . In other embodiments , continuously provides instructions for moving the subject 115 in step 825 
monitoring the subject 115 may include periodically receiv- 60 or alternatively automatically directs the surface 125 to 
ing images from the thermal imaging devices 105 and move . In embodiments , the computing device 110 may 
analyzing the images as they are received . provide instructions by determining how the updated images 
When the computing device 110 analyzes the images ( step differ from the baseline image , determining particular move 

420 in FIG . 4 ) and updates the model and thermal marker ments that would result in a return to a positioning that 
mapping ( steps 425 and 430 in FIG . 4 ) , the computing 65 corresponds to the baseline positioning , and generating 
device 110 may further determine whether the subject 115 instructions that direct a user to complete the particular 
has moved . For example , the computing device 110 may movements on the subject . Determining how the updated 

35 
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images differ for the purposes of providing instructions may user inputs that direct the one or more control devices 135 
include determining where each reference point on the to move . FIG . 9B depicts one embodiment of a visual 
subject's body , a part thereof , and / or the thermal markers instruction provided to a user by the computing device 110 
120 has moved relative to its baseline positioning . As noted to assist in returning the subject to the position captured in 
above , the movement relative to the baseline positioning 5 the baseline image . In this embodiment , the computing 
may be determined through a comparison of the baseline device 110 , via the user interface 700 , provides additional 
image and the updated image with the use of image analysis information 705 that states “ MOVE LEGS IN DIRECTION 
to detect features of the subject and / or the thermal markers . OF ARROW UNTIL INDICATED TO STOP ” . In this 
Determining particular movements may include calculating embodiment , the computing device 110 will monitor the 
certain body movements that would result in a return to the 10 position of the thermal markers 120 with the thermal imag 
baseline positioning , which may be based on , for example , ing devices 105 in substantially real time and capture a 
body mechanics data and / or the like . In some embodiments , sequence of updated images as the subject is repositioned 
determining particular movements may include determining based on the instructions provided on the user interface 700 . 
a particular positioning or arrangement of the surface 125 When the thermal markers from the updated images are 
that would result in a return to the baseline positioning , 15 co - located with the corresponding thermal markers in the 
which may be based on , for example , surface movement baseline image , the computing device provides the user with 
data and / or the like . a “ STOP ” audible and / or visual indication via the user 

For example , using image analysis of the baseline image interface 700 . 
and the updated image , the computing device 110 deter- For example , in some embodiments , one or more direc 
mines the difference in the location of the same thermal 20 tional arrows 715 or the like at particular locations with 
markers on the baseline image and the updated image . Based respect to the subject 115 may be provided via the user 
on the difference in location of the thermal markers 120 interface , where the directional arrows 715 provide a visual 
between the baseline image and the updated image and the indicator of how the subject 115 is to be moved to effect a 
general positioning of the thermal markers on the subject desired positioning . If more than one directional arrow 715 
115 , the computing device 110 may determine one or more 25 is provided , the directional arrows 715 may be provided 
corrective movements to apply to the subject 115 which simultaneously or may be provided consecutively , such as , 
would result in repositioning the thermal markers 120 in the for example , for each consecutive movement that is to be 
updated image to their initial location in the baseline image . completed to adjust the subject 115 to a desired positioning . 
For example , if a subject has been repositioned to impart a In another example , the computing device 110 may provide 
curvature to the spine , as indicated in FIG . 9A and as 30 instructions by transmitting one or more signals to the 
determined by the location of the thermal markers in the surface 125 , where the one or more signals direct the surface 
baseline image and the thermal markers in the updated 125 to move to a particular positioning that corresponds to 
image , the computing device 110 determines a corrective a desired positioning of the subject 115 . 
movement which would align the thermal markers in the Referring again to FIGS . 1A and 8 , the computing device 
updated image with the thermal markers in the baseline 35 110 monitors the subject 115 for an appropriate positioning 
image . In some embodiments , the computing device 110 in step 830. That is , the computing device 110 continuously 
may provide a user with a visual and / or audible signal receives images from each thermal imaging device 105 , 
indicating directions of movement that would restore the analyzes the images , updates the model , and maps the 
subject to the positioning in the baseline image . thermal marker locations ( steps 415-430 of FIG . 4 ) , and 

In other embodiments , such as when the surface 125 is an 40 compares the updated model with previously received ther 
automated or semi - automated surface ( such as the auto- mal images and / or the previously updated model to deter 
mated or semi - automated person support apparatus depicted mine whether the subject 115 has been moved to a new 
in FIG . 1B ) , the computing device 110 may provide instruc- positioning . For example , the computing device 110 may 
tions to the surface 125 such that the surface 125 ( or portions recognize that the subject has been moved to the new 
thereof ) is actuated to return the subject 115 to the position 45 positioning when the positioning of the subject's body , parts 
indicated in the baseline image . For example , referring also thereof , and / or the thermal markers 120 in the thermal 
to FIG . 1B , the computing device 110 may transmit one or images that were most recently received do not correspond 
more signals to the one or more control devices 135 while to the positioning in the thermal images when the subject 
continuously monitoring the position of the subject with the was initially determined to have been moved . In some 
captured thermal images . The one or more control devices 50 embodiments , the new positioning may correspond to the 
135 direct movement of the one or more movable support baseline positioning . In other embodiments , the new posi 
components 130 , the first movable column 140 , and / or the tioning may correspond to another positioning . 
second movable column 145 to cause the subject 115 to If the subject 115 has been moved to a new positioning , 
move . In some embodiments , the computing device 110 may the computing device 110 determines in step 835 whether 
also transmit a stop signal or the like to the one or more 55 the new positioning is an appropriate positioning . An appro 
control devices 135 , which , in turn , direct the one or more priate positioning may generally be a desired positioning 
movable support components 130 , the first movable column such as , for example , the initial positioning ( baseline posi 
140 , and / or the second movable column 145 to stop moving tioning ) , a positioning necessary to complete a particular 
once the subject has been returned to the position indicated surgical procedure , and / or the like . Such a positioning 
in the baseline image . 60 necessary to complete a particular surgical procedure may 

In some embodiments , the computing device 110 may be based upon inputs received from a user , body positioning 
automatically transmit signals to the one or more control data , body mechanics data , positioning data for the surface 
devices 135 to move the one or more movable support 125 , and / or the like . For example , before a surgical proce 
components 130 without further user input . In other embodi- dure is completed , the subject 115 may be moved to each 
ments , the computing device may provide a user with 65 desired positioning and recorded . That is , the subject 115 
instructions for moving the subject . In turn , the user may may be moved , for example , to the baseline positioning and 
manually adjust the surface 125 or may provide one or more the computing device 110 may receive an input indicating 
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the baseline . Subsequently , the subject 115 may be moved to vertebra of the spine , on the posterior of the shoulders , etc. ) . 
one or more other desired positions and at each position , the In addition , the user may optionally arrange the thermal 
computing device 110 may receive an input indicating such imaging devices 105 in such a manner so as to ensure each 
a position . Each time the computing device 110 receives an of the thermal imaging devices 105 captures a different angle 
input indicating a desired positioning , it may record the 5 of the subject 115 , thereby allowing for a three dimensional 
image data and / or the model generated therefrom . model of the subject 115 to be generated by the computing 

The computing device 110 determines whether the posi- device 110 . 
tioning is appropriate by determining , from the image data , Optionally , after the thermal markers 120 have been 
whether the positioning of the subject corresponds to the placed on the subject 115 , one or more desired positions that 
stored image data of the appropriate positioning . For 10 are necessary for completing the procedure may be estab 
example , if the subject's body , parts thereof , and / or the lished . For example , the user may move the subject 115 to 
thermal markers 120 obtained from the image data corre- a baseline positioning and provide an input to the computing 
spond in location and arrangement to stored image data of an device 110 that indicates the subject is in the baseline 
appropriate positioning , the computing device 110 may positioning , which allows the computing device 110 to 
determine that the subject is appropriately positioned . In 15 record the thermal images of the subject 115 in the baseline 
some embodiments , the subject's body , parts thereof , and / or positioning . In addition , the user may move the subject 115 
the thermal markers 120 obtained from the image data must to any other desired positioning , such as an appropriate 
be an exact match to the stored image data for an appropriate positioning necessary to complete a particular procedure , 
positioning determination . In other embodiments , the sub- and provide an input to the computing device 110 that 
ject's body , parts thereof , and / or the thermal markers 120 20 indicates that the subject is in the other desired positioning , 
obtained from the image data may be an approximate match which allows the computing device 110 to record the ther 
to the store image data for an appropriate positioning mal images of the subject 115 in the desired positioning . 
determination . An approximate match may be , for example , Such a process may be completed for each desired position 
a match within a determined range of positions that are ing . 
acceptable . In some embodiments where the user is completing a 

If the computing device determines that the positioning is surgical procedure , the subject 115 may be placed in the 
not appropriate ( i.e. , the subject's body , parts thereof , and / or baseline positioning to complete a first surgical procedure 
the thermal markers 120 obtained from the image data do not ( or a first portion of the surgical procedure ) and may 
correspond in location and arrangement to the stored image subsequently be moved to the one or more other desired 
data ) , the computing device 110 returns to step 825 to 30 positions to complete one or more other surgical procedures 
provide additional instructions for moving the subject 115 . ( or one or more other portions of the surgical procedure ) . In 
If the positioning is appropriate , the computing device 110 some embodiments , the subject 115 may be returned to the 
provides a confirmation 840 , such as , for example , a mes- baseline positioning to complete a final surgical procedure 
sage in the additional information 705 ( FIG . 9B ) that states ( or a final portion of the surgical procedure ) . Repositioning 
the positioning is correct , a message to stop movement of the 35 the subject 115 may be completed manually by the user , may 
subject , and / or the like . be assisted by the computing device 110 , which provides 

In some embodiments , in lieu of directing a user to move directions for moving the subject based on any recorded 
the subject 115 between various positions , the computing positioning information , or may be automatically completed 
device 110 may display a query asking the user if automatic by the computing device 110 and the surface 125. Accord 
repositioning is desired . If a user provides an affirmative 40 ingly , when the computing device 110 detects that the 
input to the query , the computing device 110 may transmit subject 115 has been moved , the user may decide whether to 
one or more signals to the surface 125 that direct the surface receive instructions from the computing device 110 for 
to move and / or reposition the subject to a baseline position- moving the subject 115 back to an original positioning or to 
ing , an appropriate positioning , and / or the like . Alterna- a new positioning . If the user wishes to receive instructions , 
tively , the computing device 110 may provide controls via 45 the user may move the subject based on the instructions until 
the user interface , where the controls allow a user to the computing device 110 indicates that the subject 115 has 
electronically manipulate the surface 125 , such as to move been appropriately positioned . 
the subject to a baseline positioning , an appropriate posi- While embodiments of the subject tracking system have 
tioning , and / or the like . been described herein with reference to thermal markers 

It should be understood that the user interface depicted 50 attached to a subject , it should be understood that the same 
and described with respect to FIGS . 7 and 9A - 7B is merely methods may be used with the thermal markers attached to 
illustrative , and that other user interfaces may be used the surface 125 and / or both the surface and the subject . For 
without departing from the scope of the present disclosure . example , thermal markers may be attached to the surface 
A user that uses the system 100 to determine a positioning 125 to determine a baseline positioning of the surface and , 

of the subject generally places the thermal markers 120 on 55 thereafter , to determine updated positioning of the surface 
the body of the subject 115 and further arranges the thermal 125 based on the captured thermal images . This information 
imaging devices 105 to capture the thermal images of the may be used to determine a difference in the positioning of 
subject . Placing the thermal markers 120 on the body of the the thermal markers , such as by image analysis , and , based 
subject 115 may be completed such that the markers 120 are on this difference , the computing device may determine 
particularly placed based upon instructions received from 60 movements of the surface to restore the position of the 
the computing device 110 or are particularly placed based on surface ( and hence the subject ) to the baseline positioning . 
the user's determination of where the thermal markers 120 It should now be understood that the subject tracking 
should be located . For example , if the subject 115 is to have system according to the present disclosure accurately tracks 
spinal surgery , the user may place the thermal markers 120 the position of a subject having a plurality of thermal 
at particular locations on the subject that would be appro- 65 markers thereon by imaging the subject and the thermal 
priate for determining the positioning during the spinal markers with one or more thermal imaging devices and 
procedure ( e.g. , on the posterior of the subject , such as over processing the images with a computing device . As a result , 
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the positioning of the subject can be monitored and any and display an image of the updated model . In some 
movement of the subject can be detected . In addition , the embodiments , the non - transitory , processor - readable storage 
computing device may provide an interface that can guide a medium further comprises processor readable and execut 
user in moving the subject to a new positioning or to return able instructions that , when executed , cause the processing 
the subject back to an original positioning based on the 5 device to display instructions for returning the subject to a 
thermal images received from the one or more thermal positioning that corresponds to the location of the plurality 
imaging devices . of thermal markers from the first one or more infrared 

While embodiments of the subject tracking system have images . In some embodiments , the surface supporting the 
been described herein with reference to a single surgical subject is communicatively coupled to the computing 
procedure , it should be understood that the subject tracking 10 device , wherein the non - transitory , processor - readable stor 
system may be used to assist with subject positioning during age medium further comprises processor readable and 
subsequent surgical procedures . For example , where a given executable instructions that , when executed , cause the pro 
surgical procedure requires a follow - up procedure , position- cessing device to direct the surface to move from a first 
ing data collected during the first surgical procedure may be positioning to a second positioning based on the instruc 
utilized to replicate subject positioning during the second 15 tions . In some embodiments , the one or more thermal 
surgical procedure . In this application , the positioning data imaging devices comprise a plurality of thermal imaging 
( baseline images , updated images , model , and the like ) may devices , each of the plurality of thermal imaging devices 
be stored in a memory operatively associated with the having an optical axis , and individual thermal imaging 
subject tracking system and indexed according to identifying devices of the plurality of thermal imaging devices are 
indicia associated with the subject . 20 oriented such that each respective optical axis is at a 

Specific embodiments of the above - mentioned systems different angle relative to the surface supporting the subject 
and methods may include , for example , a system for dis- and the processor readable and executable instructions , 
playing a model of a subject . The system comprises one or when executed , further cause the processing device to 
more thermal imaging devices and a computing device receive one or more infrared images from each of the 
communicatively coupled to the one or more thermal imag- 25 plurality of imaging devices . In some embodiments , the 
ing devices , wherein the computing device comprises a model is a three dimensional rendering of the subject that is 
processing device and a non - transitory , processor - readable generated from the one or more infrared images from each 
storage medium comprising one or more processor readable of the plurality of imaging devices . 
and executable instructions that , when executed , cause the Other specific embodiments of the above - mentioned sys 
processing device to ( 1 ) receive one or more infrared images 30 tems and methods may include , for example , a method for 
from the one or more thermal imaging devices , the one or tracking a positioning of a subject . The method comprises 
more infrared images containing a plurality of thermal ( 1 ) receiving , by a processing device , one or more infrared 
markers positioned relative to a surface , wherein at least one images of the subject ; ( 2 ) determining , by the processing 
of the plurality of thermal markers is positioned on a subject device , a location of a plurality of thermal markers with 
located on the surface , ( 2 ) determine a location of the 35 respect to the subject from the one or more infrared images , 
plurality of thermal markers with respect to the subject from wherein the plurality of thermal markers produce thermal 
the one or more infrared images , wherein the plurality of energy that is distinguishable from thermal energy produced 
thermal markers produce thermal energy that is identifiable by the subject , and at least one thermal marker is located at 
and distinguishable from thermal energy emitted by the a first location on a body of the subject ; ( 3 ) mapping , by the 
surface and the subject , ( 3 ) map the location of the plurality 40 processing device , the location of the plurality of thermal 
of thermal markers to a model that represents the subject and markers to a model that represents the subject and the 
the positioning of the subject , and ( 4 ) display the model with positioning of the subject ; and ( 4 ) displaying , by the pro 
a plurality of indicators thereon , wherein each of the plu- cessing device , the model with a plurality of indicators 
rality of indicators corresponds to each of the plurality of thereon , wherein the plurality of indicators corresponds to 
thermal markers . In some embodiments , the one or more 45 the plurality of thermal markers . In some embodiments , the 
infrared images are a first one or more infrared images and one or more infrared images are a first one or more infrared 
the non - transitory , processor - readable storage medium fur- images and the method further comprises : ( 1 ) receiving , by 
ther comprises processor readable and executable instruc- the processing device , a second one or more infrared images 
tions that , when executed , cause the processing device to of the subject ; ( 2 ) determining , by the processing device , an 
receive a second one or more infrared images from the one 50 updated location of the plurality of thermal markers with 
or more thermal imaging devices , the second one or more respect to the subject from the second one or more infrared 
infrared images containing the plurality of thermal markers images ; ( 3 ) mapping , by the processing device , the updated 
and map the updated location of the plurality of thermal location of the plurality of thermal markers from the second 
markers to the model . In some embodiments , the non- one or more infrared images to the model ; ( 4 ) determining , 
transitory , processor - readable storage medium further com- 55 by the processing device , whether the updated location of 
prises processor readable and executable instructions that , the plurality of thermal markers in the second one or more 
when executed , cause the processing device to determine infrared images is different from the location of the plurality 
whether the updated location of the plurality of thermal of thermal markers in the first one or more infrared images ; 
markers in the second one or more infrared images is and when the updated location of the plurality of thermal 
different from the location of the plurality of thermal mark- 60 markers in the second one or more infrared images is 
ers in the first one or more infrared images and when the different from the location of the plurality of thermal mark 
updated location of the plurality of thermal markers in the ers in the first one or more infrared images , updating , by the 
second one or more infrared images is different from the processing device , the model to indicate a change in the 
location of the plurality of thermal markers in the first one positioning of the subject based on the difference in the 
or more infrared images , update the model to indicate a 65 location of the plurality of thermal markers and displaying , 
change in the positioning of the subject based on the by the processing device , the updated model . In some 
difference in the location of the plurality of thermal markers embodiments , the method further comprises displaying , by 



US 10,881,328 B2 
23 24 

the processing device , instructions for returning the subject subject and radiating a different temperature relative 
to a positioning that corresponds to the location of the to the temperature radiated by the subject , and 
plurality of thermal markers from the first one or more determine a corrective movement for at least one of the 
infrared images . In some embodiments , the method further subject and the surface to align the plurality of 
comprises directing , by the processing device , a surface 5 thermal markers in the updated infrared image with 
supporting the subject to move from a first positioning to a the plurality of thermal markers in the baseline 
second positioning . In some embodiments , the method fur infrared image based on a location of the plurality of 
ther comprises receiving the one or more infrared images thermal markers in the baseline infrared image and a 
comprises receiving , by the processing device , one or more location of the plurality of thermal markers in the 
infrared images from a plurality of imaging devices and each 10 updated infrared image . 
of the plurality of thermal imaging devices comprises an 2. The system of claim 1 , wherein at least one of the 
optical axis , and individual thermal imaging devices of the plurality of thermal markers is arranged on the surface . 
plurality of thermal imaging devices are oriented such that 3. The system of claim 1 , wherein at least one of the 
each respective optical axis is at a different angle relative to plurality of thermal markers is arranged at or near a joint of 
a surface supporting the subject . In some embodiments , the 15 the subject positioned on the surface . 
method further comprises generating , by the processing 4. The system of claim 1 , wherein the plurality of thermal 
device , the model as a three dimensional representation of markers comprises one or more first thermal markers radi 
the subject from the one or more infrared images from each ating thermal energy at a first thermal marker temperature 
of the plurality of imaging devices . and one or more second thermal markers radiating thermal 

It will be apparent to those skilled in the art that various 20 energy at a second thermal marker temperature that is 
modifications and variations can be made to the embodi- different from the first thermal marker temperature , wherein 
ments described herein without departing from the spirit and the first thermal marker temperature and the second thermal 
scope of the claimed subject matter . Thus it is intended that marker temperature are different from the subject tempera 
the specification cover the modifications and variations of ture and the surface temperature . 
the various embodiments described herein provided such 25 5. The system of claim 1 , wherein the one or more thermal 
modification and variations come within the scope of the imaging devices comprise a plurality of thermal imaging 
appended claims and their equivalents . devices , each of the plurality of thermal imaging devices 
What is claimed is : having an optical axis , and individual thermal imaging 
1. A system for positioning a subject on a surface , the devices of the plurality of thermal imaging devices are 

system comprising : 30 oriented such that each respective optical axis is at a 
a plurality of thermal markers , each one of the plurality of different angle relative to the surface . 

thermal markers radiating thermal energy at a thermal 6. The system of claim 5 , wherein the computing device 
marker temperature that differs from a subject tempera- processes images from each of the plurality of thermal 
ture and a surface temperature , wherein a first thermal imaging devices and generates a three dimensional model 
marker of the plurality of thermal markers is arranged 35 based on the images . 
at a first location relative to the surface ; 7. The system of claim 1 , wherein the computing device 

one or more thermal imaging devices arranged to capture comprises a display that displays one or more models 
a baseline infrared image and an updated infrared comprising a plurality of indicators that correspond to the 
image of the surface and the plurality of thermal plurality of thermal markers . 
markers , wherein : 8. The system of claim 1 , wherein the computing device 
the baseline infrared image comprises baseline image provides and displays on a display device instructions for 

data that indicates an initial relative temperature achieving the corrective movement based on the location of 
corresponding to thermal energy radiated by the the plurality of thermal markers . 
plurality of thermal markers relative to thermal 9. The system of claim 1 , wherein the surface is commu 
energy radiated by the subject and the surface at a 45 nicatively coupled to the computing device , the computing 
first point in time , and device controlling positioning of the surface based on the 

the updated infrared image comprises updated image corrective movement . 
data that indicates an updated relative temperature 10. A method of positioning a subject on a surface , the 
corresponding to thermal energy radiated by the method comprising : 
plurality of thermal markers relative to thermal 50 placing a plurality of thermal markers on a body of the 
energy radiated by the subject and the surface at a subject , each one of the plurality of thermal markers 
second point in time subsequent to the first point in radiating thermal energy at a thermal marker tempera 
time ; and ture that differs from a subject temperature and a 

a computing device communicatively coupled to the one surface temperature ; 
or more thermal imaging devices , the computing device 55 capturing baseline infrared images of the subject and the 
configured to : plurality of thermal markers with one or more thermal 
receive the baseline infrared image and the updated imaging devices at a first point in time , the baseline 

infrared image , infrared images comprising baseline image data that 
distinguish the plurality of thermal markers from the indicates an initial relative temperature corresponding 

subject and the surface by using the initial relative 60 to thermal energy radiated by the plurality of thermal 
temperature from the baseline image data and the markers relative to thermal energy radiated by the 
updated relative temperature from the updated image subject and the surface at the first point in time ; 
data to determine an outline of the subject and capturing updated infrared images of the subject and the 
determine one or more areas corresponding to the plurality of thermal markers with the one or more 
plurality of thermal markers that are indicated in the 65 thermal imaging devices at a second point in time 
baseline image data and the updated image data as subsequent to the first point in time , the updated 
being located adjacent to or within the outline of the infrared image comprising updated image data that 
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indicates an updated relative temperature correspond- 18. A system for positioning a subject on a surface , the 
ing to thermal energy radiated by the plurality of system comprising : 
thermal markers relative to thermal energy radiated by a plurality of thermal markers , wherein at least one of the 
the subject and the surface at the second point in time ; plurality of thermal markers is arranged at or near a transmitting the baseline infrared images and the updated 5 joint of the subject positioned on the surface and infrared images to a computing device , wherein the 
computing device distinguishes the plurality of thermal wherein each of the plurality of thermal markers radi 
markers from the subject and the surface by using the ates thermal energy at a temperature that is distinguish 
initial relative temperature from the baseline image able from thermal energy emitted by the subject posi 
data and the updated relative temperature from the tioned on the surface , the surface , and one or more 
updated image data to determine an outline of the objects proximate the surface , wherein at least one of 
subject and determine one or more areas corresponding the plurality of thermal markers is arranged on the 

surface ; to the plurality of thermal markers that are indicated in 
the baseline image data and the updated image data as one or more thermal imaging devices arranged to capture 
being located adjacent to or within the outline of the a baseline infrared image and an updated infrared 
subject and radiating a different temperature relative to image of the surface and the plurality of thermal 

markers , wherein : the temperature radiated by the subject and determines the baseline infrared image comprises baseline image a corrective movement to align the plurality thermal data that indicates an initial relative temperature markers in the updated infrared images with the plu 
rality thermal markers in the baseline infrared images corresponding to thermal energy radiated by the 
based on a location of the plurality of thermal markers plurality of thermal markers relative to thermal 
in the baseline infrared images and a location of the energy radiated by the subject and the surface at a 
plurality of thermal markers in the updated infrared first point in time , and 

the updated infrared image comprises updated image images ; and data that indicates an updated relative temperature applying the corrective movement to at least one of the 
subject and the surface to position the subject on the corresponding to thermal energy radiated by the 
surface . plurality of thermal markers relative to thermal 

11. The method of claim 10 , wherein at least one of the energy radiated by the subject and the surface at a 
plurality of thermal markers is arranged at or near a joint of second point in time subsequent to the first point in 
the subject . time ; and 

12. The method of claim 10 , wherein the plurality of a computing device communicatively coupled to the one 
thermal markers comprises one or more first thermal mark or more thermal imaging devices , the computing device 
ers radiating thermal energy at a first thermal marker tem configured to 
perature and one or more second thermal markers radiating receive the baseline infrared image and the updated 

infrared image , thermal energy at a second thermal marker temperature that 
is different from the first thermal marker temperature , distinguish the plurality of thermal markers from the 
wherein the first thermal marker temperature and the second subject and the surface by using the initial relative 
thermal marker temperature are different from the subject temperature from the baseline image data and the 
temperature and the surface temperature . updated relative temperature from the updated image 

13. The method of claim 10 , wherein the one or more data to determine an outline of the subject and 
thermal imaging devices comprise a plurality of thermal determine one or more areas corresponding to the 
imaging devices , each of the plurality of thermal imaging plurality of thermal markers that are indicated in the 
devices having an optical axis , and individual thermal imag baseline image data and the updated image data as 
ing devices of the plurality of thermal imaging devices are being located adjacent to or within the outline of the 
oriented such that each respective optical axis is at a subject and radiating a different temperature relative 

45 
different angle relative to the surface . to the temperature radiated by the subject , and 

14. The method of claim 13 , wherein the computing determine a corrective movement for at least one of the 
device processes images from each of the plurality of subject and the surface to align the plurality of 
thermal imaging devices and generates a three dimensional thermal markers in the updated infrared image with 
model based on the images . the plurality of thermal markers in the baseline 

15. The method of claim 10 , further comprising display infrared image based on a location of the plurality of 
ing , with the computing device , one or more models com thermal markers in the baseline infrared image and a 
prising a plurality of indicators that correspond to the location of the plurality of thermal markers in the 
plurality of thermal markers . updated infrared image . 

16. The method of claim 10 , further comprising display- 55 thermal markers comprises one or more first thermal mark 19. The system of claim 18 , wherein the plurality of 
ing , with the computing device , instructions for achieving 
the corrective movement based on the location of the ers radiating thermal energy at a first temperature and one or 

more second thermal markers radiating thermal energy at a plurality of thermal markers . 
17. The method of claim 10 , wherein : second temperature that is different from the first tempera 
the surface is communicatively coupled to the computing 50 ture . 

device ; and 20. The system of claim 18 , wherein the surface is 
applying the corrective movement comprises the comput communicatively coupled to the computing device , the 

computing device controlling positioning of the surface ing device ser ng control sig als to the surface to based on the corrective movement . position the surface according to the corrective move 
ment . 
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